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a  b  s  t  r  a  c  t
NdAlO3 is  a lanthanide  monoaluminate  compound  presenting  a  trigonal  structure  with  D63d space  group.
Single  crystal  ﬁbers  of  NdAlO3 were  grown  by  the  laser-heated  pedestal  growth  (LHPG)  technique.  The
cylindrical  ﬁbers  grew  parallel  to  [1  0 0]h direction  without  cracks  or  striations.  At  room  temperature,  the
Raman  spectra  presented  an  enlarged  number  of the  measured  bands.  Raman  bands  associated  to  the  D63d
structure  were  compared  with  the prediction  of  lattice  dynamic  calculations  performed  using Wilson’s
GF-matrix  method.  By  using  group-theory  calculations,  it was  possible  to  suggest  a reduction  in crystal
symmetry  induced  by the  Nd/Al  non-stoichiometric  ratio. The  C63v and S
2
6 phases  are  the  best  choices  to
describe  the  unit  cell of  our  Al-deﬁcient  crystal  ﬁber  in  place  of D63d phase.
© 2014  Published  by  Elsevier  B.V.
1. Introduction
Lanthanide monoaluminates are LnBO3-type perovskites in
which Ln = La, Ce, Pr, Nd, Sm,  Eu, Gd, Tb, Dy, Ho, Er, Tm or Yb and
B = Al, being extensively investigated due to their remarkable opti-
cal, structural, electronic, vibrational and magnetic properties [1,2].
Usually, these oxides present low Neel temperatures (about 4 K)
[3], high melting points (higher than 2400 K) [4], excellent crystal
quality [5], and stability under chemical attack [6], making them
appropriate and desired to applications as substrates for the epitax-
ial growth of thin ﬁlms. Indeed, several works reported the features
of thin ﬁlms grown on, mainly, LaAlO3 and NdAlO3 substrates [7,8].
In all cases, there is a role of these substrates in the strain-induced
properties. Owing to their high optical quality, LnAlO3-based sys-
tems are applied as ultraviolet-to-red converter and laser-related
materials [9]. Some of these monoaluminates are also employed
as resonators and ﬁlters for wireless communication devices [10],
once such materials present high relative permittivity (16–23) and
low dielectric loss in the range of micro- and millimeter-waves,
being enhanced in the CaTiO3-based solid solutions [11].
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LnAlO3 perovskite may  crystallize in two different distorted
structures: trigonal lattice with D63d space group for Ln = La, Ce, Pr or
Nd, and orthorhombic lattice with D162h space group for Ln = Sm,  Eu,
Gd, Dy, Ho or Er [2,4,10]. At high temperatures, the trigonal struc-
ture undergoes the D63d → O1h phase transition [12], continuously,
and the orthorhombic system transforms into a rhombohedral lat-
tice, being labeled as a ﬁrst-order phase transition [13]. For NdAlO3
system, a phase transition from trigonal to an orthorhombic lattice
was predicted to occur at 16 K [14], but not conﬁrmed by means
of in situ high-resolution X-ray powder diffraction in the temper-
ature range between 12 and 1200 K [15]. Symmetry lowering may
occur in LaAlO3 owing to the local breakdown of symmetry at low
temperature (90 K), being related to the AlO6 octahedra distortions
[16]. At present there are no reports on either the effects of slight
Nd/Al non-stoichiometry in NdAlO3 compounds on their crystalline
structure and Raman-active phonons, or on lattice dynamics calcu-
lations that could predict the wavenumbers of Raman modes, their
symmetry and vibrational patterns.
Laser-heated pedestal growth (LHPG) technique is a powerful
method for crystal growth, in which high and low melting point
materials are well grown, being a crucible-free process with high
pulling rates in the face of the conventional growth methods [17].
Raman spectroscopy is a very sensitive tool to probe local disorder
and order–disorder transitions in perovskite structures, whose pre-
dictions are based on the group-theoretical formalism [18]. In this
work, we perform a structural investigation of NdAlO3 single crystal
http://dx.doi.org/10.1016/j.vibspec.2014.06.003
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Fig. 1. (a) Photograph of the as-grown NdAlO3 crystal ﬁber prepared by the LHPG
method using no oriented seed; (b) detail of the direction of growth of the NdAlO3
crystal ﬁber prepared by the LHPG method.
ﬁbers prepared by LHPG technique, by measuring the Raman-active
phonons at room temperature through the resonance Raman spec-
troscopy. The results allow us to suggest a reduction in crystal
symmetry in order to account the enlarged number of the mea-
sured Raman bands. Also, the lattice dynamic calculations (LDC)
were carried out to assign the main experimental bands to their
respective optical phonons.
2. Material and methods
2.1. Crystal ﬁber growth
Single crystal ﬁbers of NdAlO3 were grown by the LHPG method.
The feed and seed rod were obtained by cold extrusion [17] of
stoichiometric powder precursors Al2O3 (Alfa Aesar; 99.98%) and
Nd2O3 (Merck; 99.9%), being mixed and mechanically grounded in
an agate mortar using a polyvinyl alcohol as a binder in a 0.1 g/ml
aqueous solution. The homogeneous pedestals for the LHPG pulling
process, with a diameter of 1.6 mm and a length of about 50 mm,
were dried in air at room temperature. The pedestals thus obtained
are cylindrical in shape, making it easier to achieve homoge-
neous heat distribution. No thermal treatments were performed
on the pedestals to the growth process itself. The use of green-rod
pedestals in the LHPG system allows three material preparation
steps (synthesis, sintering and pulling) to be reduced to a single
step [17]. A CO2 laser beam (Synrad 60-1; 125 W;  CW,  10.6 m)
was employed as a source to melt oxide pedestal and after to grow
ﬁbers. All ﬁber pulling was performed using a laser-heated pedestal
growth apparatus equipped with a microprocessor for the con-
trol of the laser power, which is based on the measurement of the
molten zone dimensions. Pulling rates in the range of 0.6 mm/min
were employed. The ﬁber/pedestal pulling ratio for all crystal ﬁbers
was kept constant in the entire pulling process, being equal to 1.6.
No oriented seed was used, nor was rotation applied to either the
pedestal or the seed holder during the pulling of the ﬁbers. Single
crystal ﬁbers of NdAlO3 were successfully obtained with average
diameters of 700 m and 20 mm length, without facets and free of
cracks or striations, as depicted in Fig. 1(a).
Table 1
Interatomic force constant values obtained in this work.
Force constant Between atoms Multiplicity Distance (Å) Force constant
value (md/Å)
K1 Al–O 6 1.896 0.727
K2 Nd–O 3 2.409 0.136
K3 Nd–O 6 2.663 0.048
K4 Nd–O 3 2.917 0.329
f1 O–O 4 2.663–2.699 0.512
2.2. Crystal ﬁber characterization
A sample with dimensions of 0.3 mm × 0.3 mm × 9 mm was  used
for structural studies. X-ray diffraction measurements were per-
formed on an Enraf-Nonius Kappa-CCD diffractometer with Mo-K
radiation (33 mA,  55 kV;  = 0.71073 A˚), equipped with a graphite
monochromator. The chemical composition was determined on
a polished sample using an Inspect F50 Field-emission scanning
electron microscope (FEI, Nederland), equipped with an energy dis-
persive X-ray spectrometer (EDXS). The Archimedes principle was
used in order to determine the bulk density of the crystal ﬁber
using distilled water at 23.6 ◦C as an immersion liquid. The lin-
ear optical absorption spectra at room temperature of the ﬁbers
were measured in the wavelength range between 400 and 1000 nm
with a spectra resolution of 1 nm using a Shimadzu UV1800 UV–vis
scanning spectrophotometer. The depolarized ﬁrst-order Raman
spectra were recorded in the wavenumber range between 140
and 800 cm−1 using an alpha 300 system microscope (WITec, Ulm,
Germany), equipped with a highly linear stage (0.02%), piezo-
driven, and an objective lens from Nikon (100× NA = 0.9). Raman
signals of the samples were excited with either an Nd:YAG laser
(532 nm;  10 mW)  or He–Ne laser (632.8 nm;  35 mW)  and Raman
light was  detected by a high sensitivity, back illuminated Peltier-
cooled CCD behind a 1800 grooves/mm grating. All measurements
were carried out at room temperature.
3. Computational details
The lattice dynamics calculations (LDC) of the ﬁrst-order
Raman-active phonons were performed by using the Wilson’s
GF-matrix method [19–21]. In this procedure, the crystal struc-
ture is treated as a set of punctual masses connected by springs
in accordance with the Hooke’s law. The normal coordinates
and vibrational frequencies are determined when the GF-matrix
becomes a diagonal matrix, for which the secular equation is given
by
|GF − E| = 0, (1)
where G-matrix depends on the kinetic energies of the punctual
masses, F is the potential energy matrix, E is the unit matrix, and 
is the eigenvalue of the GF-matrix. A set of eigenvalues of the GF-
matrix is associated to the vibrational frequencies () through the
next expression:
 = 42c22, (2)
such that c is the light velocity in free space.
The F-matrix accounts the short range atomic interactions with
valence (Ki), repulsive (fi), and angle (Hi) force constants. In the
present work, we employed four valence and one repulsive force
constants, as listed in Table 1. As a whole, the calculations allow us
to specify the contribution of each force constant toward the opti-
cal phonons by the potential energy distribution (PED), i.e., such
quantity reveals the contribution of each force constant toward an
arbitrary eigenvalue. The force constant values were determined
from the best ﬁt to the observed Raman bands from this work. No
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Table 2
Crystal data and reﬁned parameters for the NdAlO3 single crystal ﬁber.
Reﬁned parameter SPuDS
a (Å) 5.3159 ± 0.0077 5.2657
c  (Å) 12.9201 ± 0.0465 13.0005
3 (◦) 120 120
Unit cell volume (Å3) 316.2 316.2
Space group; Z D6
3d
; 6
Calculated density (g/cm3) (Nd/Al = 1.00) 6.907
Calculated density (g/cm3) (Nd/Al = 1.12) 7.129
Bulk density (g/cm3) 7.063 ± 0.002
Wavelength (Å) 0.71074
Total/unique number of reﬂections 322/423
Total linear R-merge 0.301
Mosaicity 0.664
Direction of growth [1 0 0]
Crystal dimensions (mm3) 0.3 × 0.3 × 9
angle force constant was used, since it was observed that this con-
stant does not contribute to the Raman-active optical phonons (i.e.
PED ∼ 0%). All calculations used periodic boundary conditions.
4. Results and discussion
Single crystal X-ray diffraction conﬁrms that NdAlO3 ﬁber has a
trigonal structure, belonging to the D63d (R3¯c, #167) space group
with six molecules per unit cell. The reﬁned lattice parameters
summarized in Table 2 are in good agreement with those obtained
previously by the conventional ceramic method [22], and calcu-
lated using the SPuDS software [23]. This structure can be derived
directly from the O1
h
cubic perovskite (Pm3¯m,  #221) by rotation of
the AlO6 octahedra in opposite directions around the [1 1 1]c cubic
direction [12]. The direction of crystal growth was  identiﬁed as
parallel to [1 0 0]h direction (=a) of the hexagonal cell, as repre-
sented in Fig. 1(b). Secondary phases were not detected in crystal
ﬁbers. Meanwhile, the EDXS analysis revealed that the atomic
ratio between Nd and Al is about 1.12 ± 0.06 (1.06/0.94) along the
whole crystal ﬁber, indicating that Al-deﬁcient ﬁbers were pro-
duced. In Table 2, the calculated and bulk densities are depicted.
One may  note that the Nd-excess increased the calculated density
from 6.907 to 7.129 g/cm3. Nevertheless, the bulk density was  equal
to 7.063 g/cm3, conﬁrming the Nd/Al non-stoichiometric ratio and
indicating the possible appearing of the oxygen vacancy-type point
defects.
The structural stability and distortions of the perovskite system
is well described with the use of the tolerance factor (t) proposed
by Goldschmidt [24], being determined for the NdAlO3 by
t = 1√
2
RNd + RO
RAl + RO
, (3)
where RNd, RAl and RO are the ionic radii of Nd (1.27 A˚, CN = 12),
Al (0.535 A˚, CN = 6) and O (1.35 A˚, CN = 2), obtained from Shannon
radii [25]. The calculated t value is about 0.9828, indicating a slightly
distorted structure. However, the corrected t value for NdAlO3 ﬁber
has to take into account the Nd/Al non-stoichiometric ratio, being
implemented by replacing RAl with 0.06RNd + 0.94RAl, since it is
plausible to consider the Nd/Al partial occupancy at the B site of
the LnBO3 perovskite structure. Now, the t value is about 0.9604,
suggesting that a most distorted structure was formed in our Al-
deﬁcient crystal ﬁber. Indeed, this assumption is conﬁrmed using
the resonance Raman scattering, as discussed next.
The UV–vis spectrum of the NdAlO3 ﬁber is depicted in Fig. 2,
where it was converted to the absorption coefﬁcient, in agree-
ment with the Beer–Lambert law [26]. The measured bands are
characteristics of Nd3+ ground state (4I9/2) to excited state multi-
plet manifold transitions, as one can observe in the energy-level
Fig. 2. Room temperature UV–vis absorption spectrum of NdAlO3 crystal ﬁber,
where the number on each band is attributed in Table 2.
list of Table 3. The attributions of the electronic transitions in
the UV–vis spectrum followed those deﬁned by previous studies
[27–29]. Therefore, one can conclude that the Raman scattering
efﬁciency may  increase dramatically when the samples are excited
with an incident radiation, whose photon energy is close to an elec-
tronic transition of the crystal ﬁber. In general, one must observe
an intense modulation between a particular vibration and the elec-
tronic densities of states, inducing an increase in the intensities of
the Raman bands. This phenomenon is known as resonance Raman
effect [30].
Particularly, the Raman bands associated to the vibrations of the
Nd3+ ions at their own sites are expected to be enhanced. For this
purpose, two depolarized Raman spectra were recorded using two
different laser excitation radiation, namely, the 532 nm incident
wavelength is near to the 4I9/2 ← 2K13/2 + 2G7/2 + 2G9/2 electronic
transition (Band no. 3 in Table 3), and the 633 nm excitation source
is close to the 4I9/2 ← 2H11/2 electronic transition (Band no. 5 in
Table 3). Both are related to the Nd3+ ion and desired for the reso-
nance condition.
Table 3
The energy-levels of Nd3+ ion in the NdAlO3 single crystal ﬁber.
Band no. Electronic transition 4I9/2 ← Wavelength (nm) h (eV)
1 2P1/2 430 2.88
2 2K15/2 + 2G9/2 + 2D3/2 + 2G11/2 460 2.69
3 2K13/2 + 2G7/2 + 2G9/2 520 2.38
4 2G7/2 + 4G5/2 580 2.14
5 2H11/2 630 1.97
6 4F9/2 680 1.82
7 4F7/2 + 4S3/2 740 1.67
8 2H9/2 + 4F5/2 800 1.55
9  – 830 1.49
10 4F3/2 870 1.42
11  – 910 1.36
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Table  4
Measured Raman bands for the NdAlO3 crystal at room temperature, in which  ˝ and  represent the position and width of the phonon mode, respectively.
Observed Calculated Symmetry Main contributions
 = 532 nm  = 633 nm LDC
 ˝ (cm−1)  (cm−1)  ˝ (cm−1)  (cm−1)  ˝ (cm−1) D6
3d
PED ≥ 10 (%)
50a – 50a – 68 Eg K3 (66), K4 (13), f1 (12)
166  11 166 8 151 Eg K2 (18), K3 (26), K4 (40), f1 (14)
246  28 243 24 249 A1g K2 (24), K4 (59), f1 (13)
511  14 510 11 510 Eg K1 (35), f1 (58)
511  14 510 11 512 Eg K1 (24), f1 (66)
Forbidden Raman bands
266 18 – –
323 42 350 96
379 40 – –
435 26 428 40
457 32 458 35
556 28 – –
575 25 – –
598 29 593 58
692 47 683 55
–  – 766 SO 38
SO, second-order Raman signal.
a See Ref [33].
As one can expect, there are some differences in the Raman
spectra of the ﬁber depicted in Fig. 3(a) and (b), mainly in their
intensities. We  observed 12 and 9 bands, respectively, when
532 nm and 633 nm excitation sources were employed. This deter-
mination was based on careful analysis by ﬁtting the measured
spectra with Lorentzian proﬁles, whose positions and widths are
listed in Table 4. Also, the peak at 766 cm−1 is possibly a second-
order Raman signal in accordance with previous study for the
NdFeO3 crystal [31]. The trigonal lattice of the NdAlO3 with D63d
Fig. 3. Depolarized ﬁrst-order Raman spectra for the NdAlO3 crystal ﬁber at room
temperature, in the wavenumber range between 140 and 800 cm−1, obtained using
either a Nd:YAG laser (a) or He–Ne laser (b) as excitation sources. Experimental data
are  in open gray circles, the ﬁtting is the red line and the green lines represent the
phonons adjusted using Lorentzian proﬁles. (For interpretation of the references to
color in this ﬁgure legend, the reader is referred to the web  version of this article.)
space group and Z = 6 has the following site distribution: six Nd3+
ions occupy 6a sites, six Al3+ ions locate at 6b sites and 18 O2− ions
are at 18e sites [22]. The distribution of the degree of freedom in
terms of the irreducible representation of the D3d (3¯m)  factor group
is listed in Table 5, in which it was used the method of site group
analysis proposed by Rousseau et al. [32]. Hence, it is expected ﬁve
gerade Raman-active phonons (A1g ⊕ 4Eg) for the D3d lattice of the
NdAlO3 crystal.
Three strong bands at 166, 243, and 510 cm−1 are noted in
Fig. 3(b). Based on our LDC, we attribute them to the calculated
Eg mode at 151 cm−1 [Nd3+ ion moves in the hexagonal (0 0 1)h
plane/rotation of the AlO6 octahedra], A1g mode at 249 cm−1 [pure
rotation of the AlO6 octahedra] and Eg modes at 510 and 512 cm−1
[bending of the AlO6 octahedra], respectively. One may  note that
an accidental degeneracy occurred in these last modes. There is a
Table 5
Factor group analysis for the NdAlO3 crystal in accordance with the possible crystal
structures discussed in this work.
Ion Wyckoff site Symmetry Irreducible representation
Trigonal: D6
3d
, R3¯c, #167
Nd3+ 6a D3 A2g ⊕ A2u ⊕ Eg ⊕ Eu
Al3+ 6b S6 A1u ⊕ A2u ⊕ 2Eu
O2− 18e C2 2A2g ⊕ 2A2u ⊕ A1u ⊕ A1g ⊕ 3Eg ⊕ 3Eu
T 3A2g ⊕ 4A2u ⊕ 2A1u ⊕ A1g ⊕ 4Eg ⊕ 6Eu
Acoustic 2A2u ⊕ Eu
IR 3A2u ⊕ 5Eu
Raman A1g ⊕ 4Eg
Trigonal: C63v , R3c, #161
Nd3+ 6a C3 A1 ⊕ A2 ⊕ 2E
Al3+ 6a C3 A1 ⊕ A2 ⊕ 2E
O2− 18b C1 3A1 ⊕ 3A2 ⊕ 6E
T 5A1 ⊕ 5A2 ⊕ 10E
Acoustic A1 ⊕ E
IR 4A1 ⊕ 9E
Raman 4A1 ⊕ 9E
Trigonal: S26 , R3¯, #148
Nd3+ 6c C3 Ag ⊕ Au ⊕ Eg ⊕ Eu
Al3+ 3a S6 Au ⊕ Eu
Al3+ 3b S6 Au ⊕ Eu
O2− 18f C1 3Ag ⊕ 3Au ⊕ 3Eg ⊕ 3Eu
T 4Ag ⊕ 6Au ⊕ 4Eg ⊕ 6Eu
Acoustic Au ⊕ Eu
IR 5Au ⊕ 5Eu
Raman 4Ag ⊕ 4Eg
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Fig. 4. The vibrational patterns of the optical Raman-active phonons in NdAlO3. The
hexagonal c-axis is vertical.
remaining calculated Eg mode at 68 cm−1 [Nd3+ ion moves in the
hexagonal (0 0 1)h plane/rotation of the AlO6 octahedra] that we did
not detect using our experiment setup. Indeed, a low-wavenumber
mode at 50 cm−1 was observed by Scott [33] in accordance with
our calculations. These vibrational patterns are depicted in Fig. 4,
and the force constant contributions for each calculated mode were
obtained by the potential energy distribution (PED), as summarized
in Table 4.
Clearly, the number of measured Raman bands remains greater
than those theoretically predicted for the D3d lattice. Abrashev et al.
[34] attributed to the dynamic Jahn–Teller effect the occurrence of
two extra modes in the Raman spectra of LaMnO3 ceramics, where
there is a correlation between the intensity of these modes and
the degree of the Jahn–Teller distortion of MnO6 octahedra. They
are forbidden in light of the D63d structure, but appear as two rem-
iniscent peaks of the LaMnO3 orthorhombic structure. Sathe et al.
[16] explained the appearing of extra bands in the low-temperature
Raman spectra of high-quality LaAlO3 single crystal by considering
a local breakdown of the crystal symmetry. In such case, the inter-
atomic distances La/Al–O decrease with the temperature lowering
and, consequently, inducing two plausible structural phase transi-
tions. In order to account the enlarged number of the Raman bands,
we propose a model which considers a reduction in crystal symme-
try due to the partial occupancy at the B site of the LnBO3 perovskite
structure, as consequence of the Nd/Al non-stoichiometric ratio.
From a structural point of view, Nd3+ ion remains at 12-fold
coordinated site, but also populates the Al original position in a
ratio of 0.06/0.94 (Nd/Al). In this manner, it is expected that two
processes may  occur. First, the structural distortion from the partial
occupancy induces a displacement of Al3+ ion from the inversion
center position and, consequently, the D63d → C63v structural phase
transition is expected. Besides, the loss of the glide and mirror
planes is also possible to succeed, resulting in the D63d → S26 struc-
tural phase transition. It is important to point out that new phases
preserve the lattice parameters (Z = 6) of the trigonal cell with D63d
space group, in accordance with the group–subgroup analysis [35],
and they were anticipated in our previous evaluation by means of
the tolerance factor.
For the C63v trigonal phase, we have the next site distribution: six
Nd3+ ions are at 6a sites, six Al3+ ions locate at 6a sites and 18 O2−
ions occupy 18b  sites. Then, 13 Raman-active phonons (4A1 ⊕ 9E) at
Brillouin zone-center for the C3v (3m)  point group are predicted, see
Table 5. On the other hand, the site distribution for the S26 trigonal
phase has six Nd3+ ions at 6c sites, three Al3+ ions at 3a sites and
three others at 3b sites, 18 O2− ions at 18f  sites. Therefore, we  would
expect eight gerade Raman-active phonons (4Ag ⊕ 4Eg) according to
the character table of the S6 point group, as summarized in Table 5.
Now, by comparing the number of the observed phonons with those
predicted using the earlier model, there is a remarkable agreement.
Since the Raman spectroscopy is a very sensitive tool to probe the
local disorder [36], we  found that the C63v and S
2
6 trigonal phases
are the best candidates to describe the unit cell of our Al-deﬁcient
crystal ﬁber in place of D63d space group.
One must note that the number of predicted Raman-active
modes of Nd3+ ions in their own  sites increase for the C63v (A1 ⊕ 2E)
and S26 (Ag ⊕ Eg) trigonal phases instead of one double degen-
erate gerade mode (Eg) for D63d space group. Hence, since the
enhancement in the Raman peaks due to the resonance Raman
effect is induced by the Nd3+ electronic transitions, we suggest
that the forbidden Raman modes in wavenumber ranges from
300 to 480 cm−1 and from 550 and 700 cm−1 are connected to
the vibrations of the Nd3+ ions in their own sites and those
vibrations that involve the Nd3+ ions. A piece of evidence for
this fact comes from the occurrence of forbidden modes at 122,
152, 180, 203, and 464 cm−1 in LaAlO3 Raman spectrum at near-
resonance condition, being attributed to the local breakdown
of crystal symmetry [16]. From charge–mass relationship, one
expects a small wavenumber shift in Nd(La)-related vibration for
LaAlO3 and NdAlO3 [˝La/˝Nd ≈ (qLa/mLa)1/2/(qNd/mNd)1/2 = 1.019].
The ratio between the wavenumber of bands at 464 (LaAlO3) and
457–458 cm−1 (NdAlO3) is 0.39% less than the estimated value. The
remaining forbidden modes account the vibrations that involve, at
least, the Nd(La)3+ ions.
5. Conclusions
In short, we  have investigated the crystalline structure and
Raman-active phonons at room temperature of NdAlO3 single crys-
tal ﬁbers grown by the LHPG technique. Based on our LDC, we were
capable of assigning the measured Raman-active phonons related
to the D63d structure. While the unit cell of the crystal could be
ascribed to D63d space group in accordance with the single crystal X-
ray diffraction, the resonance Raman spectroscopy combined with
the group theory tools allowed us to propose a reduction in crys-
tal symmetry induced by the Nd/Al (1.06/0.94) non-stoichiometric
ratio at room temperature. We  argue that C63v and S
2
6 space groups
are potential candidates to index the NdAlO3 unit cell.
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